It is discussed how the anomalous acceleration shed additional light on the dynamic feature of expanding universe.
The announcement by Hubble in 1929 of a "roughly linear relation between velocities and distances" established in most astronomers' minds a sort of bird's-eye view of a general recession of distant galaxies. However, extra care should have been taken for understanding the linear relation. Our information about the frequency shifts comes to us through the observation of light emitted by distant sources. It becomes evident that velocity at a distance r presents itself as a direct consequence of the time of propagation of light △t = r/c, and hence Hubble's law finds a natural explanation in terms of v = cH△t. Then the linear increase in recessional velocities with distance turns out to be a result of longer light travel times from further distant galaxies. Obviously it reveals the existence of an acceleration in the general recession of distant galaxies.
The times of propagation of light enable one to identify the red shifts in frequency of sources in terms of their recessional velocities at the retarded times compared with the time of observation. As we look further and further out into space, we see galaxies that are presumably younger and younger, the furthest naturally being those in the remotest past. Observation makes it obvious that the linear increase in retarded velocities with distance can be put into the linear decrease in relative velocities with time up to the time of observation. This manifests the direction of acceleration against the recession. The general recession in deep space of distant galaxies must therefore be slowing down at a uniform rate! Of particular interest is that Hubble's law is thereby looked upon as a consequence of the recessional velocities of the form v = v 0 −cHt. Note that the general recession of distant galaxies is the apparent motion seen by our galaxy in recession, as can be seen from the vector difference between velocities. It is to be emphasized that our galaxy too is in a recession so far as it is not at the center of expanding universe. Scattering around a straight line of observational data might be due to recession of our galaxy itself while observing distant galaxies. If our galaxy were at the center of expanding universe, observational data would fall along a straight line. In this regard the problem of locating the center of expanding universe is reduced to locating by simulation a position from which observational data fall along a straight line [5] .
That the expansion of the universe has been decelerating seems to be of gravitational character occuring on a scale of the universe, in which the value cH is identified with the gravitational field of the universe as seen by the solar system. It is supposed therefore on dynamical grounds that the present expansion of the universe will eventually cease and be succeeded by a general contraction. Taken literally, this means that the state of the hot early universe with which the present universe has started will be reached again at some finite time in the future. The consideration naturally leads to speculation about the dynamic history of the universe. The dynamics of expanding universe can most easily be illustrated by assuming a nongravitational origin for the present expansion. From the general recession of distant galaxies we can now appreciate the general cosmological relevance of a Friedmann universe with k = +1.
Summarizing the results we see that the acceleration existing in the general recession of distant galaxies relative to our galaxy is determined by adding to cH the centrifugal acceleration arising from rotation of the solar system. On the basis of the argument the acceleration as seen by the solar system has been assumed to be cH, directed towards the solar system. From the relativity of motion one may say equivalently that cH is the acceleration of our galaxy as seen by the solar system, directed away from the solar system. That is to say, from the general recession of distant galaxies we can realize the acceleration existing in the relative recession of our galaxy itself. Pioneer 10/11 moving away from the solar system at the approximately constant velocity make themseleves ideal instruments to probe for an additional acceleration in space. To the spacecraft the equation of motion would appear as if they are moving under the influence of its inertial force. The anomalous acceleration that appeared in Pioneer 10/11 tracking would be the inertial effect coming from the acceleration of our galaxy as seen by the solar system. The difference they have observed in the retarded velocities of Pioneer 10/11 reflects the dynamic character we have seen from the general recession of distant galaxies. In magnitude and direction their assessment is in substantial agreement with that as-yet-unknown acceleration. Considerations lead to the conclusion that the apparent acceleration acting on the spacecraft is a reflection of the dynamic feature of expanding universe, and the Hubble constant inferred from Pioneer 10 data is ∼ 77 km/s/Mpc.
